Common Inheritance of Chromosome Ia Associated with Clonal Expansion of

Toxoplasma gondii
SUPPLEMENTAL MATERIAL
Methods
Parasite harvesting and DNA isolation. Parasites were harvested from human foreskin fibroblasts by passage through 3.0 micron filters (Nucleopore Inc.) and centrifugation at 400 g. For routine genomic DNA isolation, cell pellets were treated with sodium lauryl sulfate, proteinase K (10 µg/ml), 10 mM Tris HCl overnight, extracted with phenol chloroform, and precipitated with ethanol. For large DNA (intact chromosomes) preparation, parasite pellets were resuspended to 1 x 10 8 parasites/ml in 1X PBS and 1% low melting point agarose (Sigma) and, after solidification, the blocks were treated twice in 0.1M EDTA pH8, 0.01 M Tris-HCl, 0.02 M NaCl plus 1% lauroyl sarcosine and 1 mg ml −1 proteinase K for 48h at 50°C.
Chromosome Ia and Ib shotgun library preparation. The chromosomal DNA plugs were washed in TE over four hours. They were then loaded on pulsed field gel (5x TB(0.1)E, 1.2% low melting point agarose; Sigma) and run on a CHEF DR II apparatus (Bio-Rad). The power supply was set to 85V, maximum current, a pulse gradient of 1400s-700s , and run for 144 hours. After isolation by pulsed field gel electrophoresis, chromosomal DNA was extracted from low-melting point agarose by loading the gel slice into a 5ml syringe and repeatedly passing the gel through a 23g needle until the gel was a smooth paste. The agarose was digested using beta-agarase (NEB) at 37 O C for 30 minutes after which the resulting mixture was extracted with phenol, the aqueous phase recovered and DNA precipitated with ethanol. Recovered DNA was resuspended in 60ul of 1x mung bean buffer, sheared by sonication, then end-repaired by incubation with Mung Bean nuclease (Amersham). DNA fragments were then size-selected by electrophoresis through lowmelting point agarose and recovered by digestion with AgarAce (Promega), extraction with phenol and precipitating with ethanol. Libraries with inserts between 2 and 4kb were then constructed by ligating these fragments with pUC19_SmaI (Merck).
Annotation of T. gondii ChrIa and ChrIb. Annotation was performed using Artemis (Rutherford et al. 2000) . On ChrIa and ChrIb, respectively, 211 and 252 putative protein coding sequences (CDSs) were identified by manual curation of the output of the gene finding software. Gene finding software included Twinscan (Korf et al. 2001) , GlimmerM (Salzberg et al. 1999) and SNAP (Korf 2004 ) trained for T. gondii. An average of 5.7 exons per CDS was predicted, with the intron/exon boundaries for some refined using the software 'exonerate' (Slater and Birney 2005) . The CDSs are labelled incrementally TgIa.0010, TgIa.0020, etc. Biological functions were ascribed to 155 (33%)
CDSs based on manual inspection of the results from FASTA and BLAST sequence similarity searches against the Uniprot protein database and based on protein domain predictions using
InterPro (Mulder et al. 2005) , TMHMMv2.0 (Krogh et al. 2001) , SignalP v3.0 (Bendtsen et al. 2004 ). Of the functionally annotated CDSs, 4.5% corresponded to previously characterized T.
gondii genes. Thirteen tRNA genes were predicted using tRNAscan-SE software (Lowe and Eddy 1997) . Putative pseudogenes were identified where a region of DNA had significant BLASTX homology to known proteins but possible open reading frames were interrupted by stop codons or frameshifts. The sequence and the annotation described here have been submitted to EMBL with Accession Numbers AM055942 and AM055943.
Alignment to Expressed sequence tags (ESTs) confirmed the expression of 46.5% (219) predicted CDS. The ESTs were obtained from a publicly available database (Li et al. 2004 ) and from a full length cDNA database (Watanabe 2004 ).
Tandem repeats ≤ 500bp in length, microsatellites and dinucleotide repeats on ChrIa, ChrIb and a chromosome XII (ChrXII) cosmid were identified using the Tandem Repeats Finder (TRF)
program with the default settings (Supplemental Table 1 ) (Benson 1999) .
Comparison of strain RH with strain ME49. We compared the manually finished sequence of ChrIa and ChrIb from the RH strain of T. gondii (Berriman 2004 ) with a whole genome shotgun assembly of the type II ME49 (B7 clone) strain generated by TIGR (TIGR 1999 (TIGR -2002 . The sequences of the contigs from ME49 were ordered based on gene synteny using custom-written PERL scripts. BLASTP analysis was used to localize the contigs to their correct region along the finished chromosome sequences with gaps inserted between contigs to simulate possible sequence or physical gaps in the ME49 sequence. The resulting ME49 whole-chromosome scaffolds were compared with the RH sequences using the diffseq program provided by EMBOSS ) to find differences in one of the following three categories:
1. substitution of one base in ME49 by one in RH (SNP) 2. insertion of one or more bases from RH into ME49
3. replacement of one or more bases in ME49 with one or more bases from RH
The third category was further separated into changes involving tandem repeats (found using TRF (Benson 1999 ) with the default settings), gene conversions and the remainder. Gene conversions were defined as two regions of the same length differing by two or more bases. The finished sequence of a cosmid from chromosome XII was also compared with the type II strain generated by TIGR. The results of these comparisons are given in Supplemental Table 2 .
Identification of genetic markers for ChrIa. We amplified genomic regions flanking SNPs from all three lineages using the type strains: RH (type I), ME49 (type II) and VEG (type III).
Amplicons were sequenced in triplicate from separate PCR reactions (sequencing utilized BigDye cycle sequencing (ABI) and was conducted by SeqWright (DNA Technology Services, TX, USA)).
The resulting sequences were analyzed using Vector NTI v9 (InforMax, Invitrogen Life Sciences)
to assemble consensus sequences for each strain. CLUSTALX was used to align the sequences and identify strain-specific polymorphisms. SNPs were screened for whether they detected RFLPs using NEBcutter v2.0 (Vincze et al. 2003) . Markers were analyzed by PCR amplification, restriction enzyme digestion, and agarose gel electrophoresis in the presence of ethidium bromide.
Specific information on each of the markers including primers, PCR conditions, RFLPs and allele types can be found online (Khan 2005; Khan et al. 2005 ).
Coding regions.
Comparison of ChrIa and ChrIb revealed the following features: The total coding percentage (including introns) is about 57% for both chromosomes. Gene density (1 gene per 8.5
kb) is lower than that observed in Plasmodium falciparum (1 gene per 4.8 kb) (Gardner et al. 2002) .
ChrIa and ChrIb have 7 and 4 pseudogenes, respectively. This may be attributed to generally larger intergenic regions, more and larger introns. The proportion of spliced genes is similar, 69% for ChrIa and 75% for ChrIb. This proportion is roughly similar to that of Theileria annulata (70%) (Pain et al. 2005 ) but higher than that for Plasmodium falciparum (50%) (Gardner et al. 2002) and Cryptosporidium (5%) (Xu et al. 2004) . Gene content. Approximately 58% of the predicted genes did not have sufficient similarity to genes sequenced in other organisms to allow functional assignments. This figure is similar to that reported on completion of the Plasmodium falciparum (Gardner et al. 2002) and the Theileria annulata genomes (Pain et al. 2005) . Expression of 15% of these genes was verified by their representation in the EST dataset. We were able to assign a function to 32% of the predicted genes with another 10% having similarity to uncharacterized genes in other organisms. Of those genes with a functional assignment, 4.2% had been previously identified in T. gondii and 76% had similarities to those in other apicomplexans. About 13% of the total predicted proteins have 1 or more transmembrane domain(s) and 24% are predicted to contain a putative signal peptide or signal anchor. A total of 110 Interpro domains were identified. RNA-recognition motif (IPR000504) was the most abundant. Altogether 13 tRNA genes were found. We observed a relatively high number of enzymes on both chromosomes. 46% of the functionally annotated genes on ChrIa and 35% on ChrIb were predicted to encode enzymes. An analysis of the encoded protein sequences with the program SEG (Wootton 1994) shows that the protein-encoding genes are not enriched in lowcomplexity sequences (15%) to the extent observed in the proteins from Plasmodium (70%).
Gene families and repeats. With the TribeMCL clustering algorithm (Enright et al. 2002) we were able to identify five putative paralogous gene families on the two chromosomes. One family consisting of five members has no characterized function. Four of the five gene families are clustered and partly dispersed with pseudogenes of the same family, which probably serves to produce diversity. Unlike other apicomplexans, just one gene family maps adjacent to one of the telomeres (Barry et al. 2003) while the other four gene families are localised in non-subtelomeric regions.
Both chromosomes have a comparable number of microsatellites and conventional TTTAGGG telomere repeat units (Supplemental Table 1 
